INTRODUCTION
On a global level, sugarcane stands out as a crop with a high potential sucrose production, which is widely used for sugar and ethanol. Moreover, in recent years the potential of residues from industrial processing (bagasse, leaves and tips) was analyzed with a view to second-generation ethanol and cogeneration of electric power (Rípoli et al. 2000 , Santos et al. 2012 ).
In Brazil, sugarcane is planted on an area of approximately nine million hectares. In the growing season 2014/15, stalk production exceeded 634 million tons and sugar production was 35 million tons. Ethanol production increased by 2.53% over the previous year, reaching 28 billion liters (CONAB 2015) .
Bagasse is a fibrous product resulting from the pressing of sugarcane for juice extraction (Rocha et al. 2015) . Sugarcane bagasse, consisting of about 50% water and 50% fiber (Ming et al. 2006 ), high energy content (Waclawovsky et al. 2010 ) and great energy efficiency potential (Santchurn et al. 2012) . Fiber is a complex material, containing 32 to 48% cellulose, 19 to 24% hemicellulose, 23 to 32% lignin and small amounts of ash and extractives (Siqueira et al. 2011 , Rocha et al. 2012 , Souza et al. 2013 ).
In view of the great potential of sugarcane for energy production as well as for several value-added products (Santos et al. 2012) , the characterization of the fiber components is essential for achieving high energy efficiency. For the
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production of cellulosic ethanol, cultivars with high cellulose and hemicellulose and low lignin contents are preferred (Tew and Cobill 2008) . However, if the designation is cogeneration of electricity, lignin plays an important role, due to its high calorific value (Loureiro et al. 2011 ). According to Silveira et al. (2015) lignin production increase with increasing biomass production. Therefore, research has been intensified to develop sugarcane cultivars with high biomass productivity.
Energy cane cultivars are usually developed from crosses of Saccharum officinarum and Saccharum spontaneum (Wang et al. 2008) . Saccharum spontaneum has the following characteristics: high fiber content (Waclawovsky et al. 2010) , low sucrose content, and resistance to pests, diseases and abiotic stresses (Ming et al. 2006) . The species S. officinarum in contrast, is characterized by few stalks, but with a large diameter and high sugar content (Ming et al. 2006 ).
Successful breeding depends on the application of accurate selection procedures, based on the estimation of variance components and prediction of genotype means. For the selection and cloning of genotypes evaluated in progeny tests, Resende (2002) found that the prediction of the genotypic and not only the genetic additive values is fundamental.
As a contribution to the hybridization program and development of cane energy cultivars, the objective of this study was to select a population of sugarcane clones to develop energy cane cultivars. The evaluations were performed in stage T2 in plant cane (July 2012) and ratoon plants (July 2013). Agronomic traits were assessed and technological analyses performed. The following traits were evaluated: mean number of stalks per plant (NS), mean stalk weight (MSW) in kg, determined by weighing 10 stalks per plot. Ten stalks were cut and pressed. The residual bagasse (containing unextracted juice and fiber) was weighed to obtain the wet pulp weight, and after weighing the residue was placed in a forced-air circulation oven and dried to constant weight, to determine the dry bagasse weight. The fiber (FIB) and sucrose contents (SPC) were determined as described by Fernandes (2011) .
MATERIAL AND METHODS

This
After that, the bagasse was crushed and separated through a 0.4 mm mesh. Three samples (2 g dry weight) were prepared for extractive process: the samples were successively water flow in organic solvent (commercial ethanol) in a Soxhlet extraction unit for a period of 5 hours. Finally, the was placed in a forced-air circulation oven (45 °C) and dried. This material was used for gravimetric determination of lignin content, according to the Klason method (TAPPI om-98).
Additionally, a multivariate regression model using near infrared spectroscopy (NIR) was built with samples of wide variability to lignin prediction rom Klason method (TAPPI om-98). Some lignin determinations used in this study was performed using the model (unpublished data).
The trait tons of cane per hectare (TCH) was calculated by the following expression: TCH = (NS×SPC×10)/7. Based on the TCH, FIB and LIG it was possible to estimate the tons of fiber per hectare (TFH): TFH = (TCH×FIB)/100 and tons of lignin per hectare (TLH): TLH = (TFX×LIG)/100.
The genotypic values of clones were obtained based on the statistical model: y = Xm + Zg + Wb + Qp + Ti + e, where y is the data vector; m the vector of the effects of the combinations measurement-replication-location (assumed as fixed) added to the overall mean; g is the vector of genotypic effects (assumed as random); b is the vector of block effects (random); p is the vector of permanent environmental effects (in this case plots) (random); i is the vector of the genotype x environment effects; and e is the error or residue vector (random). Capital letters represent the incidence matrices of the respective effects. The genetic parameters and variance components of the traits were computed using software Selegen -REML/BLUP (Restricted Maximum Likelihood/Best Linear Unbiased Prediction) (Resende 2016) .
RESULTS AND DISCUSSION
The deviance analysis (Peternelli et al. 2012 ) indicated a significant effect (p <0.01) of genotypic variance for the traits TCH, FIB, NS, MSW, and SPC (Table 1 ). These results demonstrate the existence of genotypic variability among the clones evaluated for the traits in question. This variability can be exploited by selection. In an evaluation of 286 clones in T2, Baffa et al. (2014) found significant effects of these clones for NS, TCH, FIB, LIG, and SPC. However, in this study, there were no significant effects of the clones for TFH, TLH and LIG, probably due to low variability in this population. Low variability may be a consequence of the limited number of families evaluated in T1.
Heritability was low for all traits, however, selection accuracy for TFH and SPC was moderate (0.64 and 0.51), favoring the process of clone selection. Heritability values can be low as seen here due to environmental influence on sugarcane clones in the early selection stages (Matsuoka et al. 2005 ).
The NS values were the same for plant cane and ratoon cane, since the repeatability was medium (0.59). These results indicate a regular performance between plant and ratoon cane for NS and that it is possible to maintain the superior performance of this trait throughout the selection stages or over the production cycles (Resende 2002) . A cost reduction of phenotyping is therefore possible as fewer technological analyses are required in all growing seasons.
In this study, the repeatability was low for TFH (0.20), TLH (0.21), TCH (0.22), FIB (0.24), MSW (0.30), and SPC (0.37). Santos et al. (2004) determined the repeatability estimates of several agronomic traits in 20 sugarcane genotypes. These authors reported moderate repeatability coefficients for TCH (0.60), FIB (0.61) and SPC (0.44).
The TCH of the clones UFV09251 and UFV09269 was the highest (Table 2) , whereas NS of clone UFV09288 was higher (12 stalks per plant) and clone UFV09251 had a higher mean stalk weight (1.5 kg). Matsuoka et al. (2014) listed some indispensable characteristics of candidate clones for energy cane: high vigor, robustness, high tillering and high capacity for ratoon regrowth, vigorous rhizome, pest and disease resistance, and high fiber content.
Fiber production per hectare (TFH) ranged from 13.3 ton ha -1 (UFV09245) to 14.3 ton ha -1 (UFV09251), with a mean of 13.60 ton ha -1 . Lignin production per hectare (TLH) ranged from 3.1 ton ha -1 to 3.6 ton ha -1 (UFV09256), averaging 3.3 ton ha -1 (Table 2) . As also found in this study (Table 2) , Silveira et al. (2015) reported that families with higher fiber yields also had the highest means for tons of lignin per hectare.
The cane yield (TCH) ranged from 95.2 ton ha -1 (UFV09262) to 113.2 ton ha -1 (UFV09251), averaging 104.3 ton ha -1 (Table 2 ). In addition, the TFH of clone UFV09251 was also high, indicating this clone for selection to obtain energy cane.
Interestingly, clone UFV09251 was derived from the cross of B70710 × ?. One of the parents of this clone is the species S. spontaneum, demonstrating the importance of this species to increase the biomass values in sugarcane breeding programs for energy cane. The species S. spontaneum has a higher fiber content than the other species of the genus Saccharum (Tew and Cobill 2008) . 
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The fiber content varied from 12.8 to 14.3%, with a mean of 13.4% (Figure 1) . Clone UFV09262 had the highest fiber content, indicating superiority and confirming the possibility of selection of this clone for biomass production.
Clone UFV09221 had the highest sugar content (13.6%), averaging 12.1% (Figure 1) . These values are in agreement with the levels of current cultivars (11 -13%) (Tew and Cobill 2008) . According to these authors, sugarcane cultivars with fiber contents of around 17% and sugar contents of 12-13% are classified as type I. This sugarcane type is interesting from an industrial point of view, since the sugar yield would be maintained while the bagasse, with better fiber quantity and quality, could be used in electricity cogeneration, increasing electricity production per tons of processed waste.
The lignin content was unvaried among the clones. Masarin et al. (2011) analyzed yield parameters of 11 clones and concluded that tall clones with high sucrose and biomass productivity have low lignin contents. Several aspects may influence the composition of lignocellulosic fibers: genetic and environmental factors and analysis methods (Hatfield and Fukushima 2005) . For Rocha et al. (2015) no differences were detectable between the varieties studied in relation to lignin. According to these authors, the amount and composition of monomers depends on the cell wall location, the stage of cell or tissue development and on the cultivation environment. This is the first study addressing the development of energy cane varieties by the UFV sugarcane breeding program (PMGC/UFV). The genebank of Serra do Ouro, AL, Brazil, contains few accessions of S. spontaneum and S. robustum, which compromised the development of more families derived from these species to form the base population for selection in this study. Therefore, new crosses should be performed to increase the fiber content and productivity of future energy cane cultivars.
Estimates of genetic correlations provide more accurate information than the phenotypic means, which increases the possibilities of selecting superior genotypes, and consequently, the development of new cultivars.
The correlations between TFH with TLH were positive and moderate (0.54). The correlation of TCH with TFH was high (0.89) ( Table 3 ). The traits with strongest correlation with TLH were LIG, TCH and NS (0.81, 0.46 and 0.44), respectively. Silveira et al. (2015) studied 50 sugarcane families for energy cane varieties. They found that the traits TCH, NS, LIG, FIB, and MSW were most correlated with TFH and TLH. These results suggest that an increase in any of the yield components could increase lignin and fiber production.
The correlation values between TCH and its yield components (NS and MSW) were positive and moderate (0.50 and 0.62, respectively) ( Table 3) . These values are similar to those reported by Silveira et al. (2015) , in an evaluation of energy cane families. Brasileiro et al. (2013) observed high correlation values between TCH and NS, both in plant and ratoon cane, in the early selection stages. These results suggest that number of stalks can be used in the selection of sugarcane for higher productivity.
The correlation between FIB and SPC was weak and negative (-0.19) . Santchurn et al. (2012) reported a negative correlation between fiber and sucrose. These authors emphasize the difficulty of selecting plants for both traits simultaneously. In another study, Santchurn et al. (2014) investigated 64 genotypes with high biomass levels and found that the sucrose-to-fiber ratio is an indicator of the partitioning of the photoassimilates between the fiber and sucrose contained in sugarcane.
However, according to Matsuoka et al. (2014) , this assumption is only true when an increase in sugar content is the only goal. Kennedy (2008) empahsized the possibility of maintaining the current sucrose and raising the fiber content of Figure 1 . Distribution of the 27 clones selected for energy cane for Fiber (%) and Sucrose content (%). future cultivars. According to this author, the sugarcane life cycle has two stages: the growth phase, which occurs in the rainy season, when fiber is accumulated in the stalk. Sucrose is accumulated in the maturation stages, when the vegetative growth declines due to drought. Therefore, these components do not compete with each other for photoassimilates.
According to Silveira et al. (2015) , it is possible to obtain genotypes with high fiber and satisfactory sucrose levels. These examples are just a small sample of genetic variability in the Saccharum complex, as described by Matsuoka et al. (2014) , and of the possible hybrid combinations that can be established to increase the likelihood of success in breeding energy cane cultivars.
The number of stalks and stalk weight are important components for increasing biomass production and, consequently, the fiber and lignin yield (Silveira et al. 2015) . Therefore, clones with higher means of these components may be included in the recurrent selection process, be intercrossed or forwarded in the sugarcane breeding program for energy cane cultivars. Therefore, the agronomic and technological analysis of the clones is important for the selection of energy cane genotypes.
CONCLUSION
The selection of the best clones to obtain energy cane should be based on the productivity of cane (TCH) and fiber (TFH). Clone UFV09251 is recommended for selection, for having the highest TCH and TFH. Clone UFV09262 contained high FIB levels, and can be selected for breeding of energy cane. The findings of this study may be useful in the development of new evaluation and analysis strategies of the chemical components of the of energy cane clones.
